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INTRODUCTTION

At many bridges in California, the PCC pavement slabs
adjacent to the bridge ends have become depressed or
otherwise distorted creating a rough ride and, in some

cases, safety hazards. Corrections are made by either mud-

jacking the slabs back to grade or placing a tapered layer
of asphaltic concrete to smooth the approach. The time an
approach reaches a condition needing g¢orrection and priori-
ties in scheduling this action have long been based on
subjective evaluation with much differing of opinions.
Since there is never enough time or funds to correct all
deficiencies, there is a need for an objective method of
evaluating and rating approaches so that priorities can be
established. This is especially true in metropolitan areas
where there are numerous bridges and the heavy daytime
traffic volumes often necessitate nighttime repair work.

For several years, individual maintenance superintendents
have experimented with various means of rating approaches.
Probably the most promising method was the use of an
accelerometer type device which provided a printed record
of forces exerted on the instrument when resting on the
floor of a car while the car was driven over an approach.
One of the drawbacks to its use was that the magnitude of
the deviations that could be measured with the instrument
being used (measured in G's) was so small that it was
difficult to evaluate.

The development of the Road Meter by Max Brokaw of the
Portland Cement Association provides a device to measure
deviations between the body of a car and its rear axle
housing. It was decided that a graph of the car movements
should provide an adequate measure of approach roughness.
A pooling of ideas with a local manufacturer* resulted in
the development of a strip-chart recorder (see Figure 7)

*Cox & Sons, P. O. Box 67, Colfax, California 95713,
Telephone 916 -~ 346-8322
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"to work in conjundtion with the Road Meter and provide a

graph of the deviations. A mechanical hookup using a cable
and pulleys results in a true vertical scale of the body
movement relative to. the rear axle housing. The chart speed
is controlled by the speedometer through potentiometers and
is adjustable to provide various scales. A horizontal scale
of 1 inch = 25 feet has been established as satisfactory for
most uses. e

An examination of graphs made of bridge approaches indicated
that the Road Meter recorder should be satisfactory in measur-
ing varying degrees of roughness (see Figures 1, 2, and 3).
The magnitude of the vertical excursion was considered- the
most important factor in determining roughness, but the slope
of the excursion was also felt to need consideration. These
_factors are affected’by both the speed of the car and the
speed of the chart drive. The objective of the study reported
here was to evaluate the factors affecting roughness as shown
on the graphs and to develop a procedure for rating roughness
of bridge approaches. '

>10.COM
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e © CONCLUSTONS

“ 1. A strip-chart recorder that provides a graph of
deviations between a car body and the rear axle
housing is a satisfactory tool for determining
priorities for repair of rough bridge approaches.
Using the described procedure, ratings can be
established for all approaches.

2. A computer program is advantageous in sorting and
reducing data to a manageable and more useful form.

IPLEMENTATION

The Maintenance Department has equipped a car with a
strip-chart recorder for use in determining priorities

of bridge approach repair. All PCC approaches to bridges
in Central and Northern California have been evaluated
with the recorder and many of the rougher approaches have
been repaired.

ClibPDF - www .fastio.com
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The Road Meter and strip—-chart recorder were installed in
a 1969 Ford Fairlane sedan, and operatlonal procedures
establlshed .

Initially, a car speed of - 50 ‘MPH was selected because it is
attainable on practically ‘all bridges with PCC pavement
approaches. A number of runs were made on several approaches
at speeds varying from 20 to 70 MPH to determine whether the
graphs made at other speeds would be more satlsfactory than
those made at 50 MPH. It was found that, for a given rough-
ness, a relationship betweén various speeds’ existed but was
not linear. In addition, the relationship was not the same
on approaches of different roughness, evidently due to
effects of the suspension system. It was concluded that a
speed of 50 MPH was the most satisfactory and should be used
exclusively in the study.

A chart speed providing a ‘scale of 1 inch = 25 feet was
established originally to compare directly with the California
profilograph records which are made to the same scale. Some
experlmentatlon ‘was made with different chart speeds and
indicated (l) 1ncrea51ng the scale prOV1ded no improvement

in the graph but excessive use of paper, and (2) decreasing
the scale adverdély affected détermining- the steepness of

the excursion. Considering that a steep line would likely

be a factor in evaluating the graphs, the chart speed as
initially established was maintained throughout the study.

Using the established car and chart speeds, recordings were
made of all lanes of all bridges with concrete pavement
approaches in Central and Northern California. This resulterl
in some 6000 approaches to evaluate. Except for the longer
structures of about 1000 feet or more, graphs were obtained
of the entire briddge as well as some 50 feet of approach on
cach end. Since there was no event marker or indexing device
on the recorder to identify bridge notches on the grapins, it
was difficult in some cases to determine the exact area of
concern. As best as could be determined, however, tne

bridge ends were marked on the graph and the maximum
excursion of the pen was measured. This was accomplished by
olacing a plastic template over the trace and counting the

stlo.com
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scribed lines (in 1/8-inch increments) covering the
excursion. The number of lines thus counted was then
recorded initially as the approach rating.

A subjective evaluation then became necessary to determine
the meaning and accuracy of the ratings. This was done :
first by the researchers riding over and observing approaches
and making judgments as to the degree of roughness and com-
paring this to' measured ratings. In most cases, roughness
was attributable to settled or depressed pavement slabs, and
usually within 25 or 30 feet of the paving notch. Occasion-
ally, tihe pavement slabs were observed to be higher than the
paving notch at that point.

It was concluded that the steep lines occurring on some graphs
were due to differential vertical displacement of approach
slabs or of the paving notch and approach slab. When the car
wheels hit a vertical displacement, the result was an abrupt
movement of the car body and a steep pen excursion {step) on
the chart. Because of the severity of car reaction to these
steps and the possibility of affecting vehicle control, it
‘was decided that some additive wvalue to the measured rough-
ness rating was needed. On a tentative basis, arbitrary
values of 4 for a step up, and 2 for a step down were
selected. The higher value was based on subjective opinion
that a vertical step up could be seen by a driver, wio might
immediately fear tire damage, and was therefore nore poten-
tially serious than a step down. A line 8° or less from the
vertical is considered a step. (See Figure 4.)

Using the established method, ratings were calculated for
bridge approaches in the Sacramento area. These ratings
ranged in value from 3 to 22. To relate these values to
descriptive roughness, a panel of nine raters was selected
to make subjective evaluations of some 40 bridge approaches
of varying degrees of roughness, Raters included bridge and
research engineers, and laboratory technicians., After
receiving instructions and making trial runs over other
approaches, raters were taken over the selected approaches
and asked to apply ratings according to the following:

Subjective
- Description Rating
Smooth —=———=mmm 1
v Slightly rough ——=~ww—-. 2
Rough ——=—=——m—memm—————m 3
Very rough =~=w—mwm—w—wna 4
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" Unfortunately, for the purposes of this study, four of

the roughest approaches selected had been repaired before
evaluation by the raters. Of the 36 approaches remaining,
the highest measured rating was 17. Following is a summary
of the raters' evaluations and a comparison with the measured

‘ratings:

Weighted

Average of Range of

Subjective Measured No. of
Description Rating, Range ‘Rating Approaches
Smooth 1-1.5 3-7 7
Slightly rough 1.6-2.5 6-12 25
Rough 2.6-3.2 14-17 4

Very rough Over 3.2 00 Awme—- 0

From these findings, tentative rating criteria were estab-
lished:

1.  Approaches with measured ratings of 12 or less are
considered acceptably smooth and generally do not
‘need any corrective action.

- 2. _Approaches with ratings of 16 or greater, need
' repair, and those with highest ratings should
be given priority.

3. Those with ratings between 12 and 16 are in a gray
area and should be checked periodically. While
some may need correction, they should be given lower
priority than approaches rated 16 or more.

Using the above criteria, all approaches in the Central and
Worthern California area were rated and a tabulation made of
the results. A computer program was then written to provide
better order to the information. Since much of the data were
already outdated, the primary consideration was to show how
the information could be depicted in printed form and used by
maintenance forces. While items such as bridge name, county,
etc. might be desirable on a working printout, headings were
held to a minhimum to conserve time and expense.

. Figure 5 is an example of the computer printout. Although
L there are various ways the data could be presented, it was

ClibPDFE - vinvwy fastio.com
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decided to break it down by highway routes. Bridge numbers
are then listed in order of their post mile designations.
The direction of travel and lane number is listed; e.g., E4,
castbound number 4 lane. Measured ratings for both ends of
the bridge and any additive value for steps are given next,
and finally, the Average Daily Traffic figure for the highway
section involved. The ADT can be of value in determining
priorities when several approaches have approximately equal
needs for repair.

Approximately 3000 lines were required to print all of the
data from the Northern and Central California bridges. To
reduce this to a more workable level, the computer was
programmed to print only those bridges with at least one
approach having-a rating greater than 12. The resulting
printout had only 589 lines, a reduction of about 80%. (See
example in Figure 6.) There were 656 approaches with ratings
greater than 12, and of these, 358 were less than 16. The

598 with ratings 16 or over were broken down as follows:

No. of : No. of

Rating approaches Rating  Approaches
16 112 24 7
17 35 _ 25 3
18 70 26 2
19 20 27 0
20 30 ‘ 28 1
21 4 29 1
22 7 30 0
23 5 31 1

To check on changes in roughness after about 18 months,
reruns were made on saveral of the bridges with at least one
rough approach. Following are sample results of these

reruns:
Approach Leave

Bridge 15%1 1972 1971 1972
29-140L 14 13 16 16
38-96L 5 3 14 13

- 38~-78L 8 7 14 15
46-35L 20 3 * 9 8
46-151L 8 11 15 16

e 46-56R 11 9 i6 3 %
46-36R 9 14 18 11 *
39-133R 3 4 13 15
39-137R 4 3 15 19

Continued
7
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LBy

‘" Approach = Leave

- Bridge < T971 1972 1971 1972
38-72R’ 16 15 3 4
38-78R 3 6 13 13

24-21R 3 - g 20 4 *
*AC patch

Some variations in results can be expected due to wheeltrack
deviation, spring and shock absorber reaction, or differing
easurement techniques. oOut of 56 approaches checked, only
five had increased in roughness by three points or more. Four
of the roughest approaches had been patched, three rather
effectively, '

As Previously mentioned, many of the rougher approaches were
repaired between the 1971 runs and the rerun checks in 1972,
Selection of areas for repair were made subjectively by the
maintenance crews. On one highway section, it was found that
22 approaches (usually all lanes) had been repaired since the
1971 runs. of these, 18 had original ratings of 16 or more,
2 rated 14, ] rated 9, and 1 rategq 8. The rating at time of
repair is not known though it appears safe to assume they
were near the original level. The results of this appraisal

A?re—evaluation,of the rating brocedure indicated two weak
points which could lead to errors. One of these was the lack

very rough approaches would result in movement of the record-
ing pen carriage to the exXxtremes of travel, and restrictions
to the amount of travel would cause the cable to break.
Experience with the equipment has shown that maximum excur-
sions of the carriage are rare, and having an event marker
was deemed worth the risk of a cable breaking. With some

- modification of the pen lifting mechanism, a second pen

-Provide much clearer information than previously available.
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(Compare Figures 9 and 10 with 11 and 12.)

A second weak point was the additive factor for steps up and
down. While originally it was thought to be most likely

that there would be a step up on the approach side and a step
down on the leave side, this was not proven to be the case.
In addition, some approaches indicate steps both up and down,
due to reactions of car springs and shock absorbers (see
Figure 13). This further evaluation, both of the charts and

in the field, has led to changing the additive factor to 4
for steps in either direction.

vww . fastio.com
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SUMMARY

The strip-chart recorder attached to a PCA type Road Meter
is believed to be a satisfactory device for determining
relative roughnéss of bridge approachés. A car speed of

50 MPH and a chart speed providing a horizontal scale of

1 inch = 25 feet has been shown to prov1de best results. By
measuring the maximum vertical excursion of the pen on the
chart (over the approach area) in 1/8-inch 1ncrements, a
roughness rating is established. A steep excursion, either

'upward or downward, indicates a. shock to car and driver, aud

reguires an addltlve value of 4 to the measured rating. The
addition of an event marker greatly simplifies interpretation
of the recordings.

From the ratlngs of approaches under consideration for repair,

- priorities can be established. Although some engineering

judgment must be exercised, such as taking into account the
amount and speed of traffic using the roadway, generally tha
approaches with highest ratings should be repaired first.
Approaches with ratings of 16 or greater are considered to
need repair as soon as possible. Those with ratings between
12 and 16 are borderline and should be watched closely and
repalred as time and money permit.

A computer program is helpful in sortlng and presenting the
data. When a large number of ratings is involved, a selectiwve
retrieval system is advantageous in reducing the volume of
data while still printing the desired information.

The established procedure was developed in conjunction with

subjective opinions of a panel of engineers and technicians.
The tentative criteria for repair are ratings of 16 or
greater. This is further supported by the number of brldge
approaches meeting or exceeding this criteria that were
repaired during the year following the original rating.
Obviously, this system is not needed in all areas of the
state, but where there are a great number of bridge approaches
needing repair, with time and money limitations, the procadure
described here can be used to great advantage in setting
priorities.

10
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GENERAL OPERATING INSTRUCTIONS

l.

Plan route to be followed. Since all runs must beée
1dent1fled, it is desirable to have bridges 1lsted
in order before starting runs. :

Load chart paper into recorder.

Energize pen lifts and chart drive and push advance
button to assure that all systems are working. :

Adjust profile pen to center of chart when driver
and operator are in position in front seat of car.

With car moving at 50 MPH, turn pen and chart

switches on about 50 to 75 feet in advance of bridge
notch. Depress event marker switch when front wheels
of car cross bridge notch on the approach side and
again when the front wheels cross the notch leaving
the bridge. Leave chart running and pen down for
another 50 to 75 feet, then raise pen, but allow chart
to run a few inches before turning off.

Number the run next to the bridge identification.
Lane number and direction of travel should also be
noted.

NOTES

In lieu of listing all bridges, a tape recorder can be used
to identify location, lane, direction, etc.

A roll of chart paper may hold runs of 40 or more bridges.

It is

very important that referencing be accurate., To aid

in this, rolls can be numbered, the first bridge can be
referenced on the chart before starting. When stopped for
any reason, the previous run can be referenced on the chart,
and the foot number showing on the chart can be referenced

vww . fastio.com
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to an occasional run. To aveid errors, it is also advisable .
to label both ends of a roll with some type of identification.

Check calibration of longitudinal scale occasionally by
running over a known distance of 1000 feet or more. (Be
sure to make runs at 50 MPH.) If scale is off by more than
2%, adjust the large potentiometer until scale is within
limits.

. Check adjustment of pen pressure on the chart at frequent
-intervals. Too much pressure may cause tearing of the paper
‘and too little will result in a faint trace which is diffi-
cult to analyze. ’

12
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EVALUATION OF CHARTS

1.

www fastio.com

Select the portion of approach and end of deck
showing greatest pen excursion. Place template
(divided into 1/8-inch increments) over lines and
measure between the extreme top and bottom limits.
Record the number of 1l/8-inch units as the
measured rating, '

On graphs showing steep vertical excursions
(between 82° and 90° on a protractor), mark the
approach as having a step and add 4 points to the
measured rating. This constitutes the overall
roughness rating.

13
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BRIDGE

NUMBER
| 33-395R
33-395R
33=395L
33-395L
33-395L
33-305L
33~ 331
33— 331
33= 331
33~ 331
33— 331
33— 331
33= 331
33- 331
33- 332
33~ 332
33- 332
33- 332
33— 332
33~ 332
33~ 332
33< 07
33~ 07
33~ 07
33— 07
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POST

MILE

31.71
31.71
31.71

31.71

31.71
31,71

34,40

34.40 -

34,40
34.40

34,040

34,40

34,40
34,40

34,48

34,48

34,48

34.48

34,48

3448

34,48
34455
34455
34455
34,55

LANE
N3
N
S1
s2
s3

S

T N1

N2
N3
NG

s1

82

53
St
N1
N2
N3
NG
Si
s2
Sl
N1

N2

N3 -

N4

NVBRIQGE'APPQOAaH DATA

-

10
11

12
14
18
10
ZL13
10
13

O £ W ® & o &F o » A O O O

17

15

13

10
i

15

S ¢ e 6]

=

16

16

10

PAGE 4

HIGHWAY RT 580
MARCH 71
. APPROACH  LEAVE
AMPL, STEP RATING AMPL, STEP RATING

0 5 15 2 '
0 & 13 2
0 5 13 0
0 6 10 0
2 T 4 0
0 8 15 0
0 6 30
0 n 6 0
0 3 3 0
0 6 3 D
0 8 3 0
0 3 4 0
0 i 4 0

2 11 9 0
0 10 7 0
n 15 11 4
4 11 6 0
0 9 6 0
2 14 14 2
0 14 3 0
2 16 12 4
2 12 4 0
2 15 6 4
2 12 6 2
0 13 8 0

Figure 5

Sample of Computer Printout

ADT
76000
76000
76000
76000
76000
76000
84000
84000
84000
840no
84000
84000
84000
849000
B3000
83000
89000
89000
89000
a9p0n
89000
8aop0n
89000
82000

89000


http://www.fastio.com/

BRIDGE APPROACH DATA

. RATING > 12
'HIGHWAY RT 80 . |
© . MARCH 71 PAGE 1
BRIDGE  POST 'AﬁpﬁoncH : LEAVE .
NUMBER  MILE LANE AMPL, STEP RATING AMPL. STEP RATING © ADT
24-243R 66 E1 13 0 13 8 0 8 54000
Y 2u-243L .66 W3 16 0 16 11 © 11 54600
L 2u-243L 66 W4 14 0 w0 0 0 54000
24-244R .89  E4 14 0 14 18 0 18 54000
24-2451 .96 Wi 3 0 3 .18 2 20 54000
24-245L 96 W3 6 0 6 9 4 13 54000
24=247R  1.36 E3 14 2 16 7 0 7 68000
24-247R  1.36 E4 - 12 2 14 S o 9 68000
| 24-188R 3,06  E4 12 2 i AC - - 94000
24-188L  3.06 w2 12 2 14 8 0 8 94000
24~190R 3,76  E4 .9 4 13 3 0 3 90000
24~192R 3,92  E4 10 4 14 4 0 4 102000
24~ 03 5,19 E3 18 2 20 AC - - 102000
24~ 03 5,19 W3 13 2 15 7 2 9 102000
24- 133  5.71  E3 10 2 12 12 4 . 16 102000
24-130R  6.21 E2 10 ﬁg 1217 2 19 79000
24-130L° 6.21 W3 14 4 18 22 0 22 . 79000
20-1150  6.62 w2 6 2 8 12 2 14 100000
24~132R  6.71 E2 18 -0 14 14 2 16 100000
v
Figure 6

Computer Printout
Rating > 12
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Figure 8
Recorder with Event Marker Added
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- COSt is thus about gpe man hoyr Per eight approaches, Plus car
‘and otheyr €Xpenses,

ReEeatabilitX

Repeatability Oof resultg has been considered‘excellent, with
Practicaily all rerung having ratings Within 2/8=inch of the
Ooriginaj, Most work has beep done with the equipment mountegd

ClibPDF - www .fastio.com
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in a 1969 Ford Fairlane. Later it was placed in a 1972 American
Motors MatadoT. - Results checked very closely with those from
the Ford as long as shock absorbers and wheel alignment and
palancing were maintained closely. Recently the Road Meter and
recorder were transferred ro a 1973 plymouth station wagon.
correlation check of the recordeX in this yehicle has not been

and somewhat greatexr on the rougher approaches. This 1is not
considered to be & problem in the continuity of bridge approach

Tabhle on Page 6

1o clarify the term nJeighted Average of gubjective Rating"” of
rable O the following axamples are given for two different
pridge approaches.

subject - _ No. Ratings

Example 1 Ratine ~ Received” calculation
gmooth) ' 2 2 x 1 =2
2 (s1ightly Rough) 6 6 x 2 = 12
3 (Rough ' 1 1 x3=3
4 (Very Rough) 0 ox 4=20
. Total 9 people 17
Wweighted AVI-. = 1.9 (17 = 9)
*xOf 9 individuals, ratings were-dispersed as shown.
This ratind falls in the nglightly Rrough” categoXxy.
subject No. Ratings :
Example 2 Ratin Received calculation
1 0 o x1=20
2 0 o x 2 % 0
3 7 7 x 3 = 21
4 - : 2 2 x 4 =8
Total 2 people . 29

Weighted AVY- = 3.2

This rating falls in the vRough" category.
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